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ABSTRACT
Objectives: This study aimed to investigate the clinicopathological characteristics and prognosis
of normotensive and hypertensive IgAN patients with ischemic renal injury.
Methods: A total of 344 cases of IgAN with ischemic renal injury were included in the study,
including 99 normotensive IgAN patients (28.8%) and 245 hypertensive IgAN patients (71.2%). In
addition, 467 IgAN patients without ischemic renal injury were included as controls, including
205 normotensive patients and 262 hypertensive patients. Clinicopathological and prognostic
data were collected and analyzed.
Results: Compared with patients without ischemic renal injury, IgAN patients with ischemic renal
injury displayed a higher proportion of hypertention, a higher proportion of ischemic glomerulo-
sclerosis, tubular atrophy/interstitial fibrosis and vascular lesions (all p< .05). There was no signifi-
cant difference in cumulative survival between the normotensive IgAN patients groups (Log-rank
v2¼ 0.479; p¼ .489). Furthermore, ischemic renal injury was not a risk factor for end-point events
in normotensive IgAN patients (HR ¼ 1.103; 95% CI: 0.279–4.365; p¼ .889). There was lower
cumulative survival in hypertensive IgAN patients with ischemic renal injury (Log-rank
v2¼ 11.352, p¼ .001). Moreover, ischemic renal injury was a risk factor for end-point events in
hypertensive IgAN patients (HR ¼ 1.889; 95% CI: 1.124–3.178; p¼ .016).
Conclusions: Ischemic renal injury can occur in normotensive IgAN patients. Although the
pathological changes may not affect the long-term prognosis of normotensive IgAN patients, the
prognosis for hypertensive IgAN patients remains poor. Therefore, increased attention should be
paid to the clinical management of ischemic lesions in hypertensive IgAN patients.
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Immunoglobulin A nephropathy (IgAN), a form of
mesangial proliferative glomerulonephritis, is character-
ized by the predominant deposition of IgA in the glom-
erular mesangium. The most common primary
glomerulonephritis globally is IgAN. IgAN also repre-
sents among the most frequent causes of primary
glomerulonephritis in China, constituting approximately
45% of all primary glomerulonephritis cases and
remaining the primary cause of end-stage kidney dis-
ease (ESKD) [1]. Pathologically, a spectrum of glomeru-
lar manifestations has been recorded. However,
mesangial proliferation with IgA or IgA-based immune
complex deposition in the mesangial region is promin-
ently evident [2]. Within 20 years of the onset of the dis-
ease, almost 36% of adult patients with IgAN may
progress to ESKD in China [3]. Ischemic renal injury is

characterized by arteriolar wall thickening, hyaline
degeneration, and luminal stenosis, and is accompanied
by ischemic glomerular sclerosis and renal tubular atro-
phy/interstitial fibrosis [4]. Ischemic renal injury is more
frequent in IgAN patients with hypertension, and accu-
mulating evidence suggests that it is closely associated
with hypertension [5]. However, a number IgAN
patients with normal blood pressure may also have
ischemic renal injury. The influence of ischemic renal
injury on the prognosis of IgAN patients without hyper-
tension has rarely been investigated. In the present
study, we retrospectively analyzed the clinicopathologic
characteristics and prognosis of IgAN patients with
ischemic renal injury, and using subgroup analysis for
hypertensive and normotensive patients with or with-
out hypertension, to raise awareness of the disease.
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Materials and methods

Statement of ethics

The present study was conducted in accordance with
the Declaration of Helsinki and was approved by the
Institutional Review Board of The First Affiliated
Hospital of Zhengzhou University (approval number:
2020-KY-475), Zhengzhou, China. The requirement for
informed consent from the participants was waived
due to the retrospective nature of the study.

Patient selection

A total of 11647 patients undergoing a renal biopsy at
the Department of Nephrology of The First Affiliated
Hospital of Zhengzhou University between 1 January
2015, and 30 December 2017, including 3458 patients
were diagnosed with IgA nephropathy.

Inclusion criteria were as follows: patients with histo-
pathologically-confirmed primary IgAN with or without
ischemic kidney injury (Diagnostic criteria for ischemic
renal injury: Under a light microscope, the glomeruli are
observed to have ischemic shrinkage, ischemic sclerosis,
with or without tubular atrophy/interstitial fibrosis. The
number of ischemic sclerotic glomeruli should account
for more than 25% of the total.); age at the time of
biopsy �18 years; follow-up exceeding 12months; esti-
mated GFR (eGFR) �15mL/min/1.73 m2; and a biopsy
specimen with a minimum of 10 total glomeruli.
However, patients with secondary causes of mesangial
IgA deposits, including Henoch–Sch€onlein purpura,
nephritis, or hepatitis B or C, or those with comorbid-
ities, such as diabetes mellitus, membranous nephrop-
athy, or Alport syndrome were excluded from the
study. According to the entry and exclusion criteria, 811
eligible IgAN patients were analyzed in this retrospect-
ive cohort study, including 344 cases of IgAN with
ischemic renal injury. Of the 344 patients, 99 (28.8%)
had normal blood pressure, and 245 patients (71.2%)
were hypertensive. In addition, we also included 467
cases of IgAN without ischemic renal injury as controls,
including 205 with normal blood pressure and 262 with
hypertension.

Data collection

The following clinical data were collected at the time
of renal biopsy: age, gender, BMI and blood pressure.
Routine laboratory investigation data were obtained,
including blood biochemistry, 24-h urine protein, and
microscopic hematuria. Follow-up data was collected
by outpatient review, which comprised eGFR (using the

Chronic Kidney Disease Epidemiology Collaboration
equation; CKD-EPI) [6]. According to 2012 KDIGO guide-
lines [7], angiotensin-converting enzyme inhibitors
(ACEI) or angiotensin receptor blockers (ARB) can be
used as a treatment for proteinuria and high
blood pressure, and so can also be used as a treatment
for proteinuria in IgAN patients with normal blood
pressure. In addition, glucocorticoid therapy is
recommended for IgAN patients with eGFR >50mL/
min/1.73 m2 after 3–6months of optimal supportive
treatment with albuminuria �1 g/d. Immunosuppres-
sive therapy was used in the case of insensitivity and a
contraindication against glucocorticoid therapy. The
follow-up data also comprised the medication history
for ACEI/ARB, corticosteroids, and immunosuppressive
agent intervention (tacrolimus, mycophenolate mofetil,
Tripterygium wilfordii glycosides). All renal biopsies were
processed for immunofluorescence and light and elec-
tron microscopy using routine techniques, as described
previously, and evaluated by two experienced renal
pathologists. Renal pathology was scored according to
the updated Oxford Classification for IgAN [8]. MESTC
scores were assessed as follows: mesangial hypercellu-
larity (M0: mesangial score �0.5; M1: mesangial score
>0.5), endocapillary hypercellularity (E0: absent; E1:
present), segmental glomerulosclerosis (S0: absent; S1:
present), tubular atrophy/interstitial fibrosis (T0: �25%;
T1: 26%–50%; T2: >50%), and cellular and fibrocellular
crescentic lesions (C0: ¼0; C1: >0 and <25%; C2:
�25%). Vascular lesions was also scored in this study
(0: no lesions; 1: arteriolar wall thickening/lumen nar-
rowing; 2: merging glassy changes).

Definitions

Definition of the hypertension: Hypertension was
defined in accordance with the 2018 Chinese guidelines
for the prevention and treatment of hypertension,
namely as a previous clear diagnosis, or a clinical
systolic pressure �140mmHg or diastolic pressure
�90mmHg measured 3 times when in a resting state
during hospitalization [9].

Definition of the renal outcome: Follow-up time was
defined as the duration from pathological diagnosis to
final follow-up; End-points were defined as a perman-
ent 50% reduction in eGFR compared with the baseline
value, or progression to ESKD.

Statistical analyses

All statistical analyses were conducted using SPSS soft-
ware (version 21.0). Continuous variables that were

RENAL FAILURE 1455



normally distributed were expressed as means ± stan-
dard deviation (SD), while those not normally distrib-
uted were expressed as medians and interquartile
ranges (25%, 75%). Student’s t-tests and chi-squared
tests were used to compare normally distributed con-
tinuous data and disordered categorical variable data.
Mann–Whitney U-tests were used for non-normally dis-
tributed continuous data and for ordered categorical
variable data. Log-rank tests were used to compare
poor renal event-free survival. Cox regression analyses
were performed to analyze the clinical predictors of
poor prognosis. All tests were two-tailed. p-values < .05
were considered statistically significant.

Results

Representative images of H&E, PAS, and Masson’s
staining for IgAN patients with ischemic renal
injury are presented in Figure 1

The renal histopathology of IgAN patients with ischemic
renal injury indicated the presence of ischemic glomer-
ulosclerosis (Black arrow) on images of H&E
(Figure 1(A)), PAS (Figure 1(B)), and Masson’s staining

(Figure 1(C)). In addition, renal interstitial inflammatory
cell infiltration, tubule atrophy, and interstitial fibrosis
can be observed in samples from IgAN patients with
ischemic renal injury. The renal histopathology of IgAN
patients without ischemic renal injury demonstrated no
ischemic glomerulosclerosis. In addition, IgAN patients
without ischemic renal injury also demonstrated the
presence of renal interstitial inflammatory cell infiltra-
tion, tubule atrophy, and interstitial fibrosis
(Figure 1(D–F)).

Clinicopathological characteristics and prognosis
of all IgAN patients with ischemic renal injury

A total of 811 IgAN patients were evaluated, of which
344 (42.4%) suffered ischemic renal injury. Compared
with patients without ischemic renal injury, those with
ischemic renal injury displayed a higher proportion of
hypertension, higher levels of creatinine and uric acid
(p< .05). Renal pathology revealed a higher proportion
of ischemic glomerulosclerosis, a higher proportion of
tubular atrophy/interstitial fibrosis (T1/T2 lesions) and

Figure 1. Representative images of the renal biopsy histopathology of IgAN patients with ischemic renal injury (A–C), IgAN patients
without ischemic renal injury (D - F); H&E staining (200x). (A, D); PAS staining (200x). (b, e); Masson staining(200x). (C, F).
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vascular lesions(1/2) (all p< .05) in patients with ische-
mic renal injury (Table 1).

The median follow-up period was 25.0months for
patients with ischemic renal injury. End-point events
occurred in 55 (16.0%) patients with ischemic renal
injury, comprising 44 cases (12.8%) with ESKD. In com-
parison, the median follow-up was 26.0months for
patients without ischemic renal injury. The end-point
event occurred in 33 cases (7.1%) without ischemic
renal injury, comprising 27 cases (5.8%) with ESKD
(Table 1). Kaplan-Meier survival analysis revealed that
patients with ischemic renal injury exhibited lower
cumulative renal survival (Log-rank v2¼ 15.806;
p< .001) (Figure 2(A)). Adjusting for gender, age, pro-
teinuria, renal function, MESTC pathology, and treat-
ment, ischemic renal injury was found to be a risk
factor for renal prognosis in IgAN patients (HR ¼ 1.906;
95% CI: 1.189–3.054; p¼ .007) (Table 2).

Clinicopathological characteristics and prognosis
of normotensive IgAN patients with ischemic
renal injury

A total of 304 normotensive IgAN patients were eval-
uated, of which 99 (32.6%) suffered ischemic renal injury.

Compared with patients without ischemic renal injury,
those with ischemic renal injury displayed a lower eGFR,
and higher levels of creatinine and uric acid (p< .05).
However, there were no significant differences in serum
albumin and 24 h urine protein (p> .05). Renal pathology
revealed a higher proportion of ischemic glomeruloscle-
rosis (31.81% (22.72%, 44.73%) vs. 4.17% (0, 9.52%);
p< .05), a higher proportion of tubular atrophy/intersti-
tial fibrosis (T1/T2 lesions) (14 (14.1%)/10 (10.1%) cases
vs. 17 (8.3%)/9 (4.4%) cases; p< .05) and vascular
lesions(1/2) (31 (31.3%)/31 (31.3%) cases vs. 54 (26.3%)/
42 (20.5%) cases; p< .05) in patients with ischemic renal
injury (Table 3). It should be noted that although there
was a statistical difference in ischemic glomerulosclerosis
and T lesions between the two groups, the proportion,
and severity of ischemic glomerulosclerosis and T lesions
in normotensive patients with ischemic renal injury was
lower than those in hypertensive patients with ischemic
renal injury.

The median follow-up period was 25.0months for
both groups. End-point events occurred in 6 (6.1%)
patients with ischemic renal injury, comprising 5 cases
(5.1%) with ESKD. The end-point event occurred in 6
cases (2.9%) without ischemic renal injury, comprising 5
cases (2.4%) with ESKD (Table 3). Kaplan-Meier survival

Table 1. Characteristics of the patients (N¼ 811).
Characteristics With ischemic renal injury (n¼ 344) Without ischemic renal injury (n¼ 467) p value

Men 177 / 344 261 / 467 .211
Age, years 35 (29, 44) 34 (27, 44) .053
Systolic pressure, mmHg 135 (125, 146) 131 (121, 141) .001
Diastolic pressure, mmHg 89 (80, 98) 86 (79, 95) .001
Hypertension, n(%) 245 (71.2) 262 (56.1) <.001
BMI, kg/m2 26.53 (24.15, 28.74) 26.53 (24.15, 28.61) .750
Hemoglobin, g/L 130.71 ± 19.53 131.36 ± 18.04 .621
Blood glucose, mmol/L 4.63 (4.23, 5.06) 4.59 (4.22, 5.03) .793
Serum creatinine, umol/L 95.0 (75.0, 146.0) 77.5 (63.0, 102.0) <.001
Serum uric acid, umol/L 372.51 ± 107.99 335.85 ± 102.27 <.001
Urea nitrogen, mmol/L 6.10 (4.66, 8.70) 5.30 (4.30, 6.90) <.001
Total cholesterol, mmol/L 4.79 (4.09, 5.59) 4.80 (4.04, 5.69) .975
Triglycerides, mmol/L 1.53 (1.10, 2.33) 1.36 (0.97, 2.16) .004
EGFR 77.98 (49.98, 101.92) 97.21 (72.97, 115.28) <.001
Serum albumin, g/L 39.75 (36.20, 43.40) 40.10 (36.10, 43.10) .944
Urine protein, g/24h 1.76 (1.00, 2.74) 1.64 (0.85, 2.45) .095
Urine erythrocyte, /mL 40.1 (12.5, 117.0) 44.0 (11.0, 144.0) .410
Ischemic glomerulosclerosis, % 33.33 (23.08, 45.23) 3.77 (0.00, 9.70) <.001
M1 88 (25.6) 80 (17.1) .136
E1 114 (33.1) 77 (16.5) .558
S1 236 (68.6) 290 (62.1) .063
T1/T2 74 (21.5) / 83 (24.1) 60 (12.8) / 45 (9.6) <.001
C1/C2 115 (33.4) / 6 (1.7) 142 (30.4) / 7 (1.5) .366
Vascular lesions, 1/2 121 (35.2) / 138 (38.4) 132 (29.6) / 141 (30.2) <.001
ACEI/ARB, n(%) 258 (75.0) 352 (75.4) .934
Glucocorticoids/immunosuppressors, n(%) 181 (52.6) 224 (48.0) .201
Follow-up duration, months 25.0 (17.0, 32.0) 26.0 (20.0, 34.0) .122
ESKD, n(%) 44 (12.8) 27 (5.8) –
Endpoint event, n(%) 55 (16.0) 33 (7.1) –

BMI: Body Mass Index; EGFR: estimated glomerular filtration rate; Units: 15mL/min/1.73 m2; M: mesangial hypercellularity; E: endocapillary hypercellularity;
S: segmental glomerulosclerosis; T: tubular atrophy/interstitial fifibrosis; C: cell/cell fiber crescentic lesions; Vascular lesions 1: arteriolar wall thickening/
lumen narrowing; 2: merge glassy changes; ACEI/ARB: Angiotensin-Converting Enzyme Inhibitors/Angiotensin Receptor Blockers; ESKD: end-stage kidney
disease; Endpoint event: a 50% decrease in eGFR or ESKD; The categorical variable data was expressed as a rate (%). Student’s t-test or the chi-square
test was used to compare the values of the two groups.
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analysis revealed that there was no significant differ-
ence in cumulative renal survival rates between the two
groups (Log-rank v2¼ 0.479; p¼ .489) (Figure 2(B)).
Adjusting for gender, age, proteinuria, renal function,
MESTC pathology, and treatment, ischemic renal injury
was not found to be a risk factor for renal prognosis in
normotensive IgAN patients (HR ¼ 1.103; 95% CI:
0.279–4.365; p¼ .889) (Table 4).

Clinicopathologic characteristics and prognosis of
hypertensive IgAN patients with ischemic
renal injury

A total of 507 hypertensive IgAN patients were eval-
uated, including 245 cases (48.3%) with ischemic renal

injury. Compared with patients without ischemic renal
injury, those with ischemic renal injury displayed a
lower estimated eGFR, higher levels of creatinine, and
uric acid (p< .05). Renal pathology suggested that a
higher proportion of ischemic glomerulosclerosis
(34.61% (25.59%, 50.00%) vs. 3.22% (0, 10.00%);
p< .001), a higher proportion of T1/T2 lesions (60
(24.5%)/73 (29.8%) cases vs. 43 (16.4%)/36 (13.7%)
cases; p< .05) and vascular lesions(1/2) (90 (36.7%)/101
(41.2%) cases vs. 84 (32.1%)/99 (37.8%) cases; p< .05) in
patients with ischemic renal injury (Table 5).

The median follow-up period was 25.0months for
patients with ischemic renal injury. The end-point event
was defined as a 50% reduction in eGFR or develop-
ment of ESKD. The end-point event occurred in 49
(20.0%) patients with ischemic renal injury, comprising
39 ESKD cases (15.9%). In comparison, the median fol-
low-up was 26.0months for patients without ischemic
renal injury. The end-point event occurred in 27 (10.3%)
patients without ischemic renal injury, comprising 22
ESKD cases (8.4%) (Table 5). Kaplan-Meier survival ana-
lysis revealed that patients with ischemic renal injury
exhibited lower cumulative renal survival (Log-rank
v2¼ 11.352, p¼ .001; Figure 2(C)). Adjusting for gender,
age, proteinuria, renal function, MESTC pathology, and
treatment, hypertensive IgAN patients with ischemic
renal injury exhibited an increased risk of a renal end-
point event compared with hypertensive IgAN patients

Table 2. The association between ischemic renal injury and
poor prognosis in all IgA nephropathy patients.
Model HR 95%CI p value

Model 1 2.387 1.547–3.681 <.001
Model 2 1.672 1.082–2.585 .021
Model 3 1.925 1.205–3.075 .006
Model 4 1.906 1.189–3.054 .007

Model 1: Univariate analysis showed that the age and sex of IgA nephrop-
athy patients with ischemic renal injury and non-ischemic renal injury
were matched; Model 2: eGFR and 24 h urinary protein were corrected on
the basis of model 1; Model 3: mesangial and endocapillary hypercellular-
ity, segmental glomerulosclerosis, and tubular atrophy/interstitial fifibrosis,
and cell/cellular fibrous crescents were corrected on the basis of model 2;
Model 4: the treatment of Angiotensin-Converting Enzyme Inhibitors/
Angiotensin Receptor Blockers or glucocorticoids/immunosuppressors
were corrected on the basis of model 3.

Figure 2. Kaplan-Meier analysis. (A) Comparison of renal cumulative survival with and without ischemic renal injury in IgA nephr-
opathy patients. (B) Comparison of renal cumulative survival with and without ischemic renal injury in normotensive IgA nephr-
opathy patients. (C) Comparison of renal cumulative survival with and without ischemic renal injury in hypertensive IgA
nephropathy patients.
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without ischemic kidney injury (HR ¼ 1.889; 95% CI:
1.124–3.178; p¼ .016; Table 6).

Discussion

Ischemic renal injury is characterized by a complex cas-
cade of events involving small-arterial lesions affecting
the glomerular capillary network, followed by glomeru-
lar ischemic shrinking, sclerosis, and progression to glo-
bal glomerulosclerosis and tubular atrophy, resulting in
impaired renal function [10]. In China, IgA nephropathy
represents the most common form of primary

glomerulonephritis, while hypertension remains the
most prevalent clinical manifestation in patients with
IgAN [11–12]. Increasing numbers of studies suggest
that there is an increased prevalence of hypertension in
patients with ischemic renal injury [5].

Although ischemic renal injury is common in IgAN
patients with hypertension, increasing numbers of
normotensive IgAN patients are also increasingly pre-
senting with ischemic renal injury. There are few previ-
ous studies of the clinical and pathological
characteristics of such patients. Most importantly, there
is some debate about whether active intervention is
required in these patients and whether ischemic renal
injury affects the long-term prognosis of normotensive
IgAN patients. The present study investigated the clini-
copathological characteristics and prognosis of IgAN
patients with ischemic renal injury, with or without
hypertension. We analyzed the clinicopathological char-
acteristics and prognostic indicators of all IgAN patients
with ischemic renal injury and found that IgAN patients
with ischemic renal injury had a higher proportion of
hypertension, higher creatinine, uric acid, and a higher
proportion of ischemic glomerulosclerosis, renal tubular
atrophy/interstitial fibrosis and vascular lesions than
those without ischemic renal injury. Increasing evidence
indicates that the kidneys receive approximately 20% of

Table 3. Characteristics of the patients with normal blood pressure (N¼ 304).
Characteristics With ischemic renal injury (n¼ 99) Without ischemic renal injury (n¼ 205) p value

Men 42 / 99 100 / 205 .328
Age, years 35.0 (27.0, 43.5) 30.0 (25.0, 40.0) .013
Systolic pressure, mmHg 125 (115, 130) 122 (113, 129) .168
Diastolic pressure, mmHg 80 (76, 85) 79 (74, 85) .242
BMI, kg/m2 27.15(24.35, 29.78) 27.03(24.34, 28.74) .498
Hemoglobin, g/L 127.0 (119.5, 139.5) 127.0 (120.0, 140.5) .562
Blood glucose, mmol/L 4.56 ± 0.68 4.58 ± 0.62 .819
Serum creatinine, umol/L 76.0 (58.5, 98.5) 70.0 (59.0, 85.5) .036
Serum uric acid, umol/L 335.82 ± 110.37 300.18 ± 91.49 .003
Urea nitrogen, mmol/L 5.10 (4.20, 6.15) 4.90 (3.70, 5.90) .063
Total cholesterol, mmol/L 4.83 (4.27, 5.70) 4.81 (4.02, 5.71) .427
Triglycerides, mmol/L 1.23 (0.97, 2.00) 1.09 (0.82, 1.96) .086
EGFR 92.27 (78.53, 115.73) 108.90 (89.27, 119.26) .004
Serum albumin, g/L 39.40 (36.15, 43.00) 39.85 (35.55, 42.55) .880
Urine protein, g/24h 1.64 (0.80, 2.14) 1.49 (0.80, 2.12) .946
Urine erythrocyte, /mL 47.52 (15.50, 132.48) 78.50 (15.18, 240.00) .087
Ischemic glomerulosclerosis, % 31.81 (22.72, 44.73) 4.17 (0.00, 9.52) <.001
M1 24 (24.2%) 37 (18.1%) .223
E1 31 (31.3%) 63 (30.7%) 1.000
S1 66 (66.7%) 124 (60.5%) .314
T1/T2 14 (14.1%) / 10 (10.1%) 17 (8.3%) / 9 (4.4%) .010
C1/C2 40 (40.4%) / 2 (2.0%) 78 (38.1%) / 1(0.5%) .459
Vascular lesions, 1/2 31(31.3%) / 31 (31.3%) 54 (26.3%) / 42 (20.5%) .010
ACEI/ARB, n(%) 73 (73.7) 143 (69.8) .503
Glucocorticoids/immunosuppressors, n(%) 47 (47.5) 99(48.3) 1.000
Follow-up duration, months 25.0 (16.0, 32.0) 25.0(18.5, 32.0) .827
ESKD, n(%) 5 (5.1) 5(2.4) –
Endpoint event, n(%) 6 (6.1) 6(2.9) –

BMI: Body Mass Index ; EGFR: estimated glomerular filtration rate; Units: 15mL/min/1.73 m2; M: mesangial hypercellularity; E: endocapillary hypercellular-
ity; S: segmental glomerulosclerosis; T: tubular atrophy/interstitial fifibrosis; C: cell/cell fiber crescentic lesions; Vascular lesions 1: arteriolar wall thickening/
lumen narrowing; 2: merge glassy changes; ACEI/ARB: Angiotensin-Converting Enzyme Inhibitors/Angiotensin Receptor Blockers; ESKD: end-stage kidney
disease; Endpoint event: a 50% decrease in eGFR or ESKD; The categorical variable data was expressed as a rate (%). Student’s t-test or the chi-square
test was used to compare the values of the two groups.

Table 4. The association between ischemic renal injury and
poor prognosis in IgA nephropathy patients with normal
blood pressure.
Model HR 95%CI p value

Model 1 1.438 0.434–4.764 .552
Model 2 0.978 0.265–3.611 .974
Model 3 1.280 0.308–5.320 .734
Model 4 1.103 0.279–4.365 .889

Model 1: Univariate analysis showed that the age and sex of IgA nephrop-
athy patients with ischemic renal injury and non-ischemic renal injury
were matched; Model 2: eGFR and 24 h urinary protein were corrected on
the basis of model 1; Model 3: mesangial and endocapillary hypercellular-
ity, segmental glomerulosclerosis, and tubular atrophy/interstitial fifibrosis,
and cell/cellular fibrous crescents were corrected on the basis of model 2;
Model 4: the treatment of Angiotensin-Converting Enzyme Inhibitors/
Angiotensin Receptor Blockers or glucocorticoids/immunosuppressors
were corrected on the basis of model 3.
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cardiac output to maintain glomerular filtration and
excrete waste, but consumption of only a small fraction
of the oxygen, increasing their susceptibility to ischemic
injury due to hypoxia [13]. However, the etiology and
mechanism of ischemic renal injury remain elusive. In
addition to hypertension, a number of studies have
suggested that obesity can cause alterations in renal
hemodynamics, thereby, causing obesity-related renal
injury and leading to renal ischemia [14]. Hyperuricemia
can induce microvascular damage and cause micro-
vascular renal ischemia and associated tissue damage
[15]. In addition, excessive complement activation is

also believed to be involved in the occurrence of IgAN
microvascular lesions and progression to renal ischemia
[16]. Once renal ischemia occurs, insufficient renal
blood perfusion on one hand can cause impaired glom-
erular filtration, while on the other hand, reduced capil-
lary blood flow around the renal tubules can lead to
renal tubular atrophy/interstitial fibrosis [17]. Therefore,
patients with ischemic renal injury display inferior renal
function, more severe ischemic glomerulosclerosis,
tubular interstitial injury and vascular lesions than
patients without ischemic renal injury. Notably, we also
found that patients with ischemic renal injury exhibited
lower cumulative survival. In addition, ischemic renal
injury was found to be a risk factor for renal prognosis
in all IgAN patients. Previous studies have indicated
that renal tubular atrophy/interstitial fibrosis is a risk
factor for the progression of IgAN to ESKD [18–19]. In
this study, a significantly higher proportion of IgAN
patients with ischemic renal injury had renal tubular
atrophy/interstitial fibrosis, and their pathological find-
ings revealed a serious reversal of ischemic lesions and
inferior prognosis. This also suggests that in clinical
practice, where IgAN patients have combined ischemic
renal injury, there may be need to be concerned about
the influence of ischemic renal injury on the long-term
prognosis of the patient.

Table 5. Characteristics of the patients with hypertension (N¼ 507).
Characteristics With ischemic renal injury (n¼ 245) Without ischemic renal injury (n¼ 262) p value

Men 135 / 245 161 / 262 .151
Age, years 36.0 (30.0, 45.0) 37.5 (29.0, 46.0) .651
Systolic pressure, mmHg 140 (131, 152) 140 (131, 153) .929
Diastolic pressure, mmHg 93 (88, 100) 94 (87, 100) .934
BMI, kg/m2 26.37(24.13, 28.61) 26.34(24.02, 28.54) .686
Hemoglobin, g/L 131.86 ± 20.84 133.51 ± 18.29 .345
Blood glucose, mmol/L 4.68 (4.23, 5.12) 4.66 (4.27, 5.12) .731
Serum creatinine, umol/L 113.0 (82.0, 159.5) 88.0 (70.0, 118.0) <.001
Serum uric acid, umol/L 387.33 ± 103.61 363.62 ± 101.75 .010
Urea nitrogen, mmol/L 6.75 (5.06, 9.40) 5.83 (4.61, 7.52) <.001
Total cholesterol, mmol/L 4.77 (4.04, 5.54) 4.79 (4.06, 5.69) .648
Triglycerides, mmol/L 1.75 (1.13, 2.45) 1.62 (1.13, 2.27) .233
EGFR 70.07 (40.91, 95.69) 88.69 (57.87, 107.99) <.001
Serum albumin, g/L 40.1 (36.2, 43.5) 40.1 (36.3, 43.5) .793
Urine protein, g/24h 1.95 (1.10, 3.00) 1.71 (0.93, 2.70) .150
Urine erythrocyte, /mL 37.00 (11.00, 113.50) 29.85 (10.00, 100.98) .268
Ischemic glomerulosclerosis, % 34.61 (25.59, 50.00) 3.22 (0.00, 10.00) <.001
M1 56 (22.9) 51 (19.5) .384
E1 46 (18.8) 51 (19.5) .910
S1 170 (69.4) 166 (63.4) .159
T1/T2 60 (24.5) / 73 (29.8) 43 (16.4) /36 (13.7) <.001
C1/C2 75 (30.6) / 4(1.6) 64 (24.4) / 6 (2.3) .199
Vascular lesions, 1/2 90 (36.7) / 101 (41.2) 84 (32.1) /99 (37.8) .043
ACEI/ARB, n(%) 185 (75.5) 209 (79.8) .286
Glucocorticoids/immunosuppressors, n(%) 134 (54.7) 126 (48.1) .081
Follow-up duration, months 25.0 (18.0, 32.0) 26.0 (21.0, 35.0) .044
ESKD, n(%) 39 (15.9) 22 (8.4) –
Endpoint event, n(%) 49 (20.0) 27 (10.3) –

BMI: Body Mass Index ; EGFR: estimated glomerular filtration rate; Units: 15mL/min/1.73 m2; M: mesangial hypercellularity; E: endocapillary hypercellular-
ity; S: segmental glomerulosclerosis; T: tubular atrophy/interstitial fifibrosis; C: cell/cell fiber crescentic lesions; Vascular lesions 1: arteriolar wall thickening/
lumen narrowing; 2: merge glassy changes; ACEI/ARB: Angiotensin-Converting Enzyme Inhibitors/Angiotensin Receptor Blockers; ESKD: end-stage kidney
disease; Endpoint event: a 50% decrease in eGFR or ESKD; The categorical variable data was expressed as a rate (%). Student’s t-test or the chi-square
test was used to compare the values of the two groups.

Table 6. The association between ischemic renal injury and
poor prognosis in IgA nephropathy patients with
hypertension.
Model HR 95%CI p value

Model 1 2.138 1.336–3.422 .002
Model 2 1.717 1.068–2.758 .026
Model 3 1.952 1.167–3.264 .011
Model 4 1.889 1.124–3.178 .016

Model 1: Univariate analysis showed that the age and sex of IgA nephrop-
athy patients with ischemic renal injury and non-ischemic renal injury
were matched; Model 2: eGFR and 24 h urinary protein were corrected on
the basis of model 1; Model 3: mesangial and endocapillary hypercellular-
ity, segmental glomerulosclerosis, and tubular atrophy/interstitial fifibrosis,
and cell/cellular fibrous crescents were corrected on the basis of model 2;
Model 4: the treatment of Angiotensin-Converting Enzyme Inhibitors/
Angiotensin Receptor Blockers or glucocorticoids/immunosuppressors
were corrected on the basis of model 3.
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Consistent with previous studies that have indicated
that not all IgAN patients with renal vascular disease
have hypertension [20], the results of the present study
also suggest that IgAN patients with normal blood pres-
sure account for 28.8% of those with ischemic renal
injury. We used subgroup analysis for hypertensive and
normotensive IgAN patients with ischemic renal injury.
However, no significant difference in cumulative sur-
vival between the two groups of normotensive IgAN
patients was observed in the present study. We also
found that ischemic renal injury was not a risk factor for
end-point events in normotensive IgAN patients.
Furthermore, we also analyzed the prognosis of hyper-
tensive IgAN patients with ischemic renal injury. We
found that hypertensive IgAN patients with ischemic
renal injury exhibited lower cumulative survival. In add-
ition, ischemic renal injury was found to be a risk factor
for renal prognosis in hypertensive IgAN patients.
Although renal tubular atrophy/interstitial fibrosis is a
risk factor for the progression to ESKD in IgAN patients
[18–19], the proportion and the severity of ischemic
glomerulosclerosis, renal tubular interstitial lesions and
vascular lesions in normotensive IgAN patients was
lower than that in hypertensive patients. We hypothe-
size that the lighter ischemic lesions were likely to be
reversed following treatment. Thus, the long-term prog-
nosis of normotensive IgAN patients remains
unaffected. Of note, the follow-up period was short,
and normotensive IgAN with ischemic renal injury is a
chronic progressive disease. Therefore, additional stud-
ies with extended follow-up periods are warranted to
accurately evaluate the long-term prognosis of such
patients. In addition, studies have shown that long-
term hypertension can directly cause glomerular arteri-
ole damage in which the RAS system becomes acti-
vated and inflammatory mediators are released.
Interstitial inflammation and microcirculatory disorders
develop, inducing hypoxia and renal ischemia [21–22].
Of note, the prevalence of hypertension in patients
with primary IgAN is 63.3% [23]. In the present study,
we found that IgAN patients with ischemic renal injury
had a higher prevalence of hypertension (71.2%).
Therefore, when ischemic renal injury occurs in hyper-
tensive IgAN patients, hypertension in concert with
other factors can cause renal ischemia, leading to worse
renal filtration, more severe renal tubular interstitial
injury and poor prognosis. Clearly, Previous studies
have indicated that hypertension is a risk factor for the
progression of IgAN to ESKD [24–25]. Long-term poor
blood pressure control causes hemodynamic changes
in the renal microcirculation, which may aggravate a
renal injury and lead to poor renal prognosis, while

good blood pressure control can delay progression in
patients with CKD [26]. This also suggests that clinicians
should strengthen the management of hypertensive
IgAN patients with ischemic renal injury by actively con-
trolling blood pressure to delay the progression of renal
disease.

In conclusion, ischemic renal injury can also be asso-
ciated with normotensive IgAN. Ischemic renal injury
may not affect the prognosis of normotensive IgAN
patients, but the prognosis remains poor for hyperten-
sive IgAN patients. Therefore, increased attention
should be paid to the management of hypertensive
IgAN patients with ischemic renal injury to actively con-
trol blood pressure, improve ischemia, and delay the
progression of renal disease.

Study limitations

The study had a number of limitations that should be
acknowledged. Firstly, the study was a single-center
retrospective study, and thus results may not be gener-
alized to other ethnic groups due to geographical vari-
ability in clinical outcomes. Secondly, the follow-up
time was short, and IgAN with ischemic renal injury is a
chronic progressive disease. Thus, additional studies
with extended follow-up periods are warranted to more
accurately evaluate the long-term prognosis of IgAN
patients with ischemic renal injury.
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